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(57) In one a^ect of the invention, an output driver 
circuit having an output temninal operatrvety coupled to 
a resistive termination load conprises: a dual gate 
pFET device including a source transistor and a drain 
transistor, each transistor respectively having a gate ter- 
minal, a source terminal and a drain terminal, the 
source terminal of the source transistor being opera- 
tively coupled to a voltage source V, the drain terminal of 
the source transistor being operatively couple to the 
source terminal of the drain transistor, the drain terminal 
of the drain transistor being operatively coupled to the 
output terminal of the output driver circuit; a dual gate 
nFET device including a source transistor and a drain 
transistor, each transistor respectively having a gate ter- 
minal, a source terminal and a drain terminal, the 
source terminal of the source transistor being c^ra- 
tively coupled to a ground potential, the drain terminal of 
the source transistor being operatively coi4>led to the 
source terminal of the drain transistor, the drain terminal 
of the drain transistor being operatively coupled to the 
output terminal of the output driver circuit: first switching 
means, operatively coupled to the gate terminal of the 
source transistor of the dual gate pFET device, for tum- 
ing on and off current flow from the voltage source V 
through the source transistor of the dual gate pFET 
device; second switching means, operatively coupled to 
the gate terminal of the source transistor of tiie dual 
gate nFET device, for turning on and off current flow to 
the ground potential through the source transistor of the 
dual gate nFET device; and bias generating means hav- 
ing a first output terminal operatively coupled to the gate 
terminal of the drain transistor of the dual gate pFET 
device and providing a first bias voltage to the drain 



transistor which is a function of a reference voltage 
associated with the resistive termination load and which 
sut>stantially controls the amount of current provide by 
the drain transistor of the dual gate pFET device to the 
resistive termination load, the bias generating means 
also having a second output terminal operatively cou- 
pled to the gate terminal of tiie drain transistor of the 
dual gate nFET device and providing a second bias volt- 
age to the drain transistor which is a function of the ref- 
erence voltage associated with the resistive termination 
load and which substantially controls the amount of cur- 
rent provided by the resistive termination load to the 
drain transistor of the dual gate nFET device. 
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Description 



BACKGROUND OF THE IMVEMTiON 

1 ■ Field of the Invention s 

[0001] The present invention relates to data transfer 
between semiconductor devices and, more particularly, 
relates to drain current controlled CMOS output driver 
circuits for constant current applications. io 

g. Description off the Prior Art 

[0002] it is known that in high frequency data transfer 
applications, such data transfer is typically acconv is 
pfished with transmission fines and terminal resistors in 
order to avoid signal reflections which may cause distor- 
tion and/or ringing on input/output signals. Particularly, 
a termination resistor may be locate at either the end, 
or both at the end and the beginning, of the transmis- 20 
sion line. The value of such termination resistor(s) is not 
fixed; however, typical values may be 50, 60, 75 or 100 
ohms. It is to be appreciated that such termination resis- 
tor(s) may be connected to ground, to the device power 
supply, or to an externally provided reference voltage as 25 
disclosed in the Stub Series Terminated Logic (SSTL) 
EIA/JEDEC Standard. 

[0003] By way of example, Rgure 1 illustrates an off 
chip driver (CCD) circuit located in Chip A and referr^ 
to as an output buffer. A typical application of an OCD is 30 
to drive output data bits from a semiconductor memory 
device, such as a dynamic random access memory 
(DRAM) device, to another device (receiver). Such an 
OCD typically must defiver a specified voltage swing at 
an input stage of the device receiving the data bits in 35 
order to ensure proper operation of the data transfer 
system. In order to ensure such a specific voltage 
swing, it would be advantageous for the OCD to provide 
a controllable current source (p-channel transistor) and 
current sink (n-channel transistor). In such a case, the 40 
controlled cunent causes a voltage drop across the ter- 
mination resistor RT which is used as the input voltage 
VIN of an input circuit (R^eiver/Chip B). 
[0004] Attenpts have been made to develop output 
current controlled driver circuits. For instance, U.S. Pat- 4s 
ent No. 5,495,184 (Des Rosiers et al.). issu^ February 
27, 1996, discloses a high-speed low-power CMOS 
positive-sNfted ECL I/O transmitter. The transmitter 
contains a totem-pole structure of four CMOS transis- 
tors. The top two CMOS transistors are PMOS devices so 
and the Ixrttom two transistors are NMOS devices. The 
top and bottom transistors function as output current 
switches which alternatively turn on and off the current 
flow from either a source voltage power supply VSS or 
a drain voltage power stpply VDD to a resistive termina- ss 
tion load Rt The middle two devices are connected to 
DC voltage references which control a precise amount 
of current sourced to a load using a precision current 



source and sunk from a load using a precision current 
sink. The reference voltages for the precision current 
source and the current sink use a negative feedback cir- 
cuit which is referenced to a resistor ladder and a cur- 
rent source controlled by a band-gap reference source. 
The arrangement in the Des Rosiers et al. transmitter 
allows for on-chip referencing of ECL levels and control 
of reference voltages and cunrents in spite of variation in 
process, voltage, and temperature. Internal ECL refer- 
ence level signals VOL and VOH are used to control the 
output levels. Operational amplifiers drive the respective 
transistors such that voltage at the drains of the current 
source and sink transistors equals the ECL reference 
inputs VOH and VOL These control voltages generate 
a precise current through a r^lica stage and are also 
applied to the output stage. All of the devices in the ref- 
erence control circuit are scaled to reduce DC power 
dissipation. However, the DC voltage references gener- 
ated by the Des Rosiers et al. transmitter, which control 
the current sourced to the load and sunk from a load 
disadvantageously do not take into account the external 
reference Voltage coupled to the resistive termination 
load Rt. As a result, the Des Rosiers et al. output 
driver's applicability to vark>us data transfer standards is 
severely limited. 

SUftllMARY OF THE OMVEWTIOM 

[0005] In one aspect of the invention, an output driver 
circuit having an output terminal operatively couple to 
a resistive termination load comprises: a dual gate 
pFET devrce including a source transistor and a drain 
transistor, each transistor respectively having a gate ter- 
minal, a source terminal and a drain terminal, the 
source terrhinal of the source transistor being opera- 
tively coupled to a voltage source V. the drain terminal of 
the source transistor being operatively couple to the 
source terminal of the drain transistor, the drain terminal 
of tiie drain transistor being operatively coupled to the 
output terminal of the output driver circuit; a dual gate 
nFET device including a source transistor and a drain 
transistor, each transistor respectively having a gate ter- 
minal, a source terminal and a drain terminal, the 
source terminal of the source transistor being opera- 
tively coupled to a ground potential, the drain terminal of 
the source transistor being operatively coupled to tiie 
source terminal of the drain transistor, the drain terminal 
of the drain transistor being operatively couple to the 
output terminal of the output driver circuit; first switching 
means, operatively coupled to the gate terminal of the 
source transistor of the dual gate pFET device, for turn- 
ing on and off current flow from the voltage source V 
through the source transistor of the dual gate pFET 
device; second switching means, operatively coupled to 
the gate terminal of the source transistor of the dual 
gate nFET device, for turning on and off current flow to 
tiie ground potential through the source transistor of the 
diial gate nFET device; and bias generating means hav- 
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ing a first output terminal operatively coipled to the gate 
terminal of the drain transistor of the dual gate pFET 
device and providing a first bias voltage to the drain 
transistor which Is a function of a reference voltage 
associate with the resistive termination load and which 5 
sut)stantialty controls the amount of current provided by 
the drain transistor of the dual gate pFET device to the 
resistive termination load, the bias generating means 
also having a second output terminal operatively cou- 
pled to the gate terminal of the drain transistor of the w 
dual gate nFET device and providing a second bias volt- 
age to the drain transistor which is a function of the ref- 
erence voltage associated with the resistive termination 
load and which substantially controls the amount of cur- 
rent provided by the resistive termination load to the is 
drain transistor of the dual gate nFET device. 
[0006] In another a^ect of the invention, an output 
driver circuit having an output terminal operatively cou- 
pled to a resistive termination load comprises: a dual 
gate pFET device including a source transistor and a 20 
drain transistor, each transistor re^ectively having a 
gate terminal, a source terminal and a drain terminal, 
the source terminal of the source transistor being oper- 
atively coupled to a voltage source V, the drain terminal 
of the source transistor being operatively coupled to the 25 
source terminal of the drain transistor, the drain terminal 
of the drain transistor being operatively couple to the 
output terminal of the output driver circuit: a dual gate 
nFET device including a source transistor and a drain 
transistor, each transistor respectively having a gate ter- 30 
minal. a source terminal and a drain terminal, the 
source terminsil of the source transistor being opera- 
tively couple to a ground potential, the drain terminal of 
the source transistor being operatively coupled to the 
source terminal of the drain transistor, the drain terminal 3S 
of the drain transistor t>eing operatively coupled to the 
output terminal of the output driver circuit; first switching 
means, operatively coupled to the gate terminal of the 
drain transistor of the dual gate pFET device, for turning 
on and off current flow from the source transistor of the 40 
dual gate pFET device; second switching means, oper- 
atively coupled to the gate terminal of the drain transis- 
tor of the dual gate nFET device, for turning on and off 
current flow to the source transistor of the dual gate 
nFET device; and bias generating means having a first 45 
output terminal operatively coupled to the gate terminal 
of the source transistor of the dual gate pFET device 
and providing a first bias voltage to the source transistor 
which is a function of a reference voltage associated 
with the resistive termination load and which sut>stan- so 
tially controls the amount of current provide to and 
through the drain transistor of the dual gate pFET 
device to the resistive termination load, the bias gener- 
ating means also having a second output terminal oper- 
atively coupled to the gate terminal of tiie source ss 
transistor of the dual gate nFET device and providing a 
second bias voltage to the source transistor which is a 
function of the reference voltage associated with the 



resistive termination load and which sut^stantieUly con- 
trols the amount of current provided by the resistive ter- 
mination load to and through the drain transistor of the 
dual gate nFET device. 

[0007] It is to be appreciated that the bias voltage gen- 
erator preferably includes current mirror circuit arrange- 
ments arKi multi-stage circuit arrangements for 
generating the bias voltages employed to sut^stantially 
control the amount of current sourced and sunk by the 
output driver circuits of the present invention. Preferred 
entxxiiments of such bias generating means, as well as 
preferred emt)odiments of the output driver circuit, will 
t>e explained in detail herein. 

[0008] Advantageously, the present invention provides 
a drain current controlled CMOS output driver circuit for 
constant current applications (preferably employed as 
an off chip driver, OCD. in a semiconductor memory 
device) in which an external resistive termination load is 
used. e.g.. SSTL _2. SSTLJ3. HSTL. ECL The drain 
current in the pull-up path (sourced by the dual gate 
pFET device) and the pull-down path (sunk by the dual 
gate nFET device) are respectively controlled by the 
gate bias voltages generated by ttie circuit of the inven- 
tion which advantageously takes into account an exter- 
nal termination reference voltage. 
[0009] These and otiier objects, features and advan- 
tages of tiie present invention will t>ecome apparent 
from the following detailed description of illustrative 
embodiments thereof, which is to be read in connection 
with the acconrpanying drawings. 

BRIEF DESCRiPTlOM OF THE DRAWIMGS 

[0010] 

Rgure 1 is a conventional high frequency applica- 
tion data transfer system employing an external ter- 
mination resistor: 

Figure 2 Is a schematic diagram of one emtxxli- 
ment of an output driver circuit of the present Inven- 
tion; 

Figure 3A is a schematic diagram of one embodi- 
ment of a bias generator of an output driver circuit 
of the present invention; 

Figure 3B is a sch^atic diagram of an alternative 
emi>odiment of the output driver circuit shown in 
Rgure 3A; 

Rgures 4A and 4B are graphical representations of 
the output current of output driver circuits of the 
present invention; 

Rgure 5 is a schemata diagram of another embod- 
iment of an output driver circuit of the present inven- 
tion; 

Rgure 6A is a schematic diagram of anottier 
emt>odlment of a bias generator of an output driver 
circuit of the present invention; 
Rgure 6B is a schematic diagram of an alternative 
emkxxiiment of the output driver circuit shown in 
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Figure 6A; and 

Figures 7A and 7B are graphical representations of 
the output current of output driver circuits of the 
present invention. 

DETAILED PESCRIPTIOM OF IWVEMTIOM 

[0011] Referring initiany to Rgure 2, a first embodi- 
ment of an output driver circuit according to the inven- 
tion for providing constant drain current control to a 
resistive termination load is illustrated. It is to be appre- 
ciated that the output driver circuit of the invention is 
preferably employed as an off hip driver (OCD) in a 
semiconductor memory device. e.g, a DRAM device; 
however, the invention is not so limits and such a 
unique output driver circuit may be enployed in various 
other data transfer applications contenplated by those 
skilled in the art The dashed fine in Figure 2 deOneating 
the terms "chip" and "external" is intended to ireScate 
that the output driver circuit is formed as a portion of the 
chip or semiconductor device from which data is to be 
driven. Components on the other side of the dash^ line 
are therefore external to the chip and thus the output 
driver circuit of the invention. 

[001 2] Specifically, the output driver circuit 1 0 includes 
a dual gate p-channel fieUd effect transistor (jpFET) 
device 12 fonning a pull-up path of the output driver cir- 
cuit. The dual gate pFET device 12. itself includes a 
source transistor 12A and a drain transistor 12B, each 
having a source terminal (S). a gate terminal (G). and a 
drain terminal (D). The source terntinal of the source 
trar^istor 12A is connected to a voltage source V exter- 
nally provided to the chip Q.e., chip power supply). The 
drain ternvnal of the drain transistor 1 2B is connected to 
the output terminal of the output driver circuit 1 0. 
[001 31 The output driver circuit 1 0 also includes a dual 
gate n-channel field eH&it transistor (nFET) device 14 
forming a pul1<Jown path of the output driver circuit The 
dual gate nFET device 1 4, itself includes a drain transis- 
tor 14A and a source transistor 14B, each having a 
source terminal (S), a gate terminal (G), and a drain ter- 
minal (D). The source ternrunal of the source transistor 
14B is connected to a ground potentiai. Further, the 
drain termir^l of the source transistor 148 is connected 
to the source terminal of the drain transistor 14 A. The 
drain terminal of the drain transistor 1 4A is connected to 
the output terminal of the output driver circuit 10. 
[001 4] The gate terminal of the source transistor 1 2A 
of the pFET device is connects to an output terminal of 
a switching inverter 16. while the gate terminal of the 
source transistor 148 of the nFET device is connected 
to an output temitnal of a switching inverter 18. The 
switching device 16. in response to p-channel input sig- 
nal IN_P, is used to turn on and off the source transistor 
12A thereby turning on and off current flow from the 
voltage source V through the source transistor 12A of 
the dual gate pFET device. Similariy. the switching 
device 18. in response to n-channel input signal IN.N is 
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used to turn on and off the source transistor 148 
thereby turning on and off current flow to the ground 
potential through the source transistor 148 of the dual 
gate nFET device. 

s [001 5] The gate terminal of the drain terminal 1 28 of 
the pFET device is connected to a first output terminal 
of a bias generator 20. Bias generator 20 generates 
bias voltage vBI ASP. as will be explain^ in detail below, 
and provides vBIASP to the gate terminal of the drain 

10 transistor 128 in order to substantially control the 
amount of current provide by the drain transistor 128 
of the pFET device. Similariy. the gate terminal of the 
drain terminal 1 4A of the nFET 6&nce is connected to a 
second output terminal of the txas generator 20. Bias 

IS generator 20 generates bias voltage vBlASN, as will be 
explained in detail below, and provides vBlASN to the 
gate terminal of the drain transistor 14A in order to suk> 
stantialiy control the amount of current provided to the 
drain transistor 14A of the nFET device. 

20 [001 6] The output terminal of the output driver circuit 
10, formed at the junction of the drain terminals of the 
drain transistors 1 28 and 1 4A. is connected to a first ter- 
minal of a termination resistor 22, while the second ter- 
minal of the termination resistor 22 is connected to an 

25 external reference voltage source VTT The output ter- 
minal of the output driver circuit 10 is also connected to 
the input of the device (not shown) receiving the data 
from the circuit 10. Given such preferred connectivity 
between components, the operation of the output driver 

30 circuit 1 0 will now be explained. 

[0017] The output driv^ circuit off the present inven- 
tion delivers constant current both for the pFET pull-up 
path and the nFET pull-down path while simultaneously 
permitting the intemal (chip) power supply voltages and 

35 the external reference voltage to vary within a certain 
permissible range. It is to be appreciated that the drain 
current of CMOS transistors, such as the transistors 
12A. 128. 14A and 148 (and all other transistors dis- 
closed herein), is substantially controlled by tiie gate to 

40 source voltage. Thus, by generating gate voltages (e.g.. 
vBIASP and vBIASN in accordance with the invention 
and respectively applying such voltages to the gate ter- 
minals of the drain transistors (or source transistors, as 
will be explained in an alternative embodiment), the 

45 drain cun-ent of each patii (pull-up and pull-down) may 
advantageously be controlled such that a constant cur- 
rent Is provided therethrough. The source transistors, in 
tills particular enr^xxliment. are us^ to effectively ena- 
k^e and disable the pull-up and pull-down paths 

50 (whereas, in an altemative enftiDCdimerrt. the drain tran- 
sistors provide this function, as will be explained). 
[001 8] By way of example, tiie termination resistor 22 
is illustrated as having a value of 50 ohms. The value of 
the termination resistor is chosen to correspond to the 

55 current to be sourced/sunk by tiie output driver circuit 
ad to the input voltage of the receiver. Thus, in accord- 
ance with the example shown in Figure 2, a 50 ohm ter- 
mination resistor will result in a constant cunrent of 
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about 8 miliiamps (mA) at the output terminal of the out- 
put driver circuit thus causing a voltage drop of about +/- 
400 nnillivolts (mV) at the input to the receiver. In this 
example. +/-400 mV is the input voltage required by the 
receiver. 5 
[0019] Accordingly, when signal IN.P is a logic high 
(about 5 voHs) and thus signal IN_N is also a logic high, 
the switching inverter 16 outputs a logic low (about 0 
volts) which turns on source transistor 1 2A enabling the 
pFET pull-up path, while the switching inverter 18 out- 10 
puts a logic low which turns off source transistor 14B 
disabling the nFET pull-down path. With the pull-up path 
enat)!^ ard the pull-down path disabled, the applica- 
tion of vBIASP to the gate terminal of transistor 12B 
causes the desired drain current (e.g.. akx>ut 8 mA) to is 
be sourced by the pull-up path. 
[0020] Conversely, when signal IN_N is a logic low ad 
thus signal IN_P is also a logic low, the switching 
inverter 18 outputs a logic high which turns on source 
transistor 148 enabling the nFET pull-down path, while 20 
the switching inverter 16 outputs a logic high which 
turns off source transistor 12A disabling the pFET pull- 
up path. With the pull-down path enabled and the pull- 
up path disabled, the application of vBIASN to the gate 
terminal of transistor 14A causes the desired drain cur- 25 
rent (e.g.. about 8 mA) to be sunk by the pull-down path. 
[0021 ] Referring now to Figure 3 A. a first entKxJiment 
of a bias generator 20 for generating the bias voltages 
vBIASP and vBIASN is shown. It is to be appreciated 
that the t>ias generator 20 is preferably formed by three 30 
interconnected stages, as will be explained. The volt- 
ages applied to the bias generator circuit in order to 
generate vBIASP and vBIASN include an internal power 
supply voltage, denoted as VIMT; a bad gap reference 
voltage, denote as CMN; and the reference voltage 35 
VTT of the external termination resistor 22 (Figure 2). It 
is to be understood that CMN (band gap reference) is a 
highly precise constant reference voltage which guaran- 
tees current flow through the first stage of the bias gen- 
erator circuit as a function of the extemal reference 40 
voltage VTT, as will be explained. 
[0022] Thus, the first stage consists of a dual gate 
pFET transistor device consisting of source transistor 
PI A serially connected to drain transistor PI B. The dual 
gate pFET device PI A/PI B is serially connected 45 
between a voltage source V (i.e., same as the voltage 
source connects to transistor 12A (Rg. 2)) and resistor 
R1 . Resistor R1 is serially connected to resistor R2. The 
first stage also consists of a dual gate nFET transistor 
device consisting of source transistor NIB serially con- so 
nected to drain transistor MIA. The dual gate nFET 
device N1 A/NIB Is serially connected t>etween ground 
and resistor R2. The first stage also consists of a first 
operational amplifier IVTT having an inverting terminal 
connected to a junction between resistors R1 and R2 ss 
and a non-inverting terminal connected to VTT. The out- 
put terminal of first operational amplifier IVTT is con- 
nected to the gate terminal of the cbain transistor P1B. 
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The gate terminal of the source transistor PI A is con- 
nected to ground. The gate terminals of both the source 
transistor N1 B and drain transistor N1 A are connected 
to CMN. 

[0023] The second stage consists of a dual gate pFET 
transistor device, similar to pFET device PI A/PI B in the 
first stage, consisting of source transistor P2A serially 
connect^l to drain transistor P2B. The dual gate pFET 
device P2A/P2B is serially connected between the volt- 
age source V and resistor R3. The second stage also 
consists of a dual gate nFET transistor device consist- 
ing of source transistor N2B serially connected to drain 
transistor N2A. The dual gate nFET device N2A/N2B is 
serially connected between ground and resistor R3. The 
second stage also consists of a second operational 
. anpfifier IN having an inverting terminal connected to a 
junction between resistor R3 and nFET device 
N2A/N2B and a non-inverting terminal connects to a 
junction between resistor R2 and nFET device 
N1 A/NIB (first stage). The output terminal of the sec- 
ond operational amplifier IN is connects to the gate ter- 
minal of the drain transistor N2A The gate terminal of 
the source transistor N2B is connected to internal volt- 
age power supply VINT It is to be appreciated that the 
voltage VINT is preferably less than or ^ual to the volt- 
age V. The gate terminal of the pFET source transistor 
P2A is connected to ground, while the gate terminal of 
P2B is connected to the output terminal of the first oper- 
ational amplifier IVTT As will be explained, the output 
terminal of the second operational amplifier IN also pro- 
vides the bias voltage vBIASN to the pull-own path of 
the output driver circuit. 

[0024] The third stage consists of a dual gate pFET 
transistor device consisting of source transistor P3A 
serially connected to drain transistor P3B. The dual gate 
pFET device P3A/P3B is serially connected between 
the voltage source V and resistor R4. The third stage 
also consists of a dual gate nFET device, similar to the 
nFET device N2A/N2B (second stage), consisting of 
source transistor N3B serially connected to drsun tran- 
sistor N3 A. The dual gate nFET device N3A/N3B is seri- 
ally connects between ground and resistor R4. The 
third stage also consists of a third operational amplifier 
IP having an inverting terminal connected to a Junction 
between resistor R4 and pFET device P3A/P3B and a 
non-inverting terminal connects to a junction between 
resistor R1 and pFET device PI A/PI B (first stage). The 
output terminal of the third operational amplifter IP is 
connected to the gate terminal of the drain transistor 
P3B. The gate terminal of the source transistor PSA is 
connected to ground. The gate terminal of the nFET 
source transistor N3B is connected to VINT, while the 
gate terrrunal of N3A is connected to the output terminal 
of the second operational amplifier IN. As will be 
explained, the output terminal of the third operational 
amplifier IP also provides the bias voltage vBIASP to 
the pull-up path of the output driver circuit. Given such 
preferred connectivity between components in the three 
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stages, the operation of the k)ias generator 20 will now 
be explained. 

[0025] The provision of voltage CMN to the nFET 
device N1 A/NIB permits a current to flow through the 
first stage. e.g., 100 microamps (mA). The current 
through the first stage causes a voltage drop across the 
resistors R1 and R2. It is to be appreciated that the val- 
ues of the resistors R1 and R2 are chosen to corre- 
spond to the external termination resistor 22 (Figure 2). 
That is, referring to the earlier exanple where the termi- 
nation resistor 22 is preferably 50 ohms and the current 
to be sourced or sunk by the output driver circuit is 
about 8 mA. and assuming that the current through the 
first stage is about 100 pA. the values of R1 emd R2 are 
preferably chosen to be 4K ohms. Thus, assuming that 
atx>ut a 400 mV voltage drop is required across the 50 
ohm temnination resistor (in order to satisfy the input 
voltage requirement of the receiver), a corresponding 
voltage drop of about 400 mV is r^uired across each 
resistor R1 and R2. respectively. The voltage drop 
across R1 is denoted as PREF, while the voltage drop 
across R2 is denoted as NREF 
[0026] Voltage VTT. the external reference voltage of 
the termination resistor 22, is provided to the opera- 
tional anplifier I VTT along with the voltage between R1 
and R2, l.e.. CVTT, in order to regulate VTT before it is 
provide to the gate terminals of drain transistors PI B 
and P2B. That is. any variations in the external refer- 
ence voltage VTT are compensate for by operational 
amplifier IVTT such that IVTT outputs a regulated VTT 
voltage. I.e.. VTTReg. Voltage VTTReg is provided to 
both the gate terminals of the drain transistors PI B (first 
stage) and P2B (second stage) in order to permit cur- 
rent flow through the respective stages of the bias gen- 
erator circuit It is to be understood that dual gate pFET 
device PI A/PI B and dual gate pFET device P2A/P2B 
form a current mirror circuit such that the same current 
that flows through the PI A/PI B device also flows 
through the P2A/P2B device. e.g.. 100 jiA. 
[0027] It is to be appreciated that each transistor has 
a channel width and channel length (denoted as a 
width/length ratio) associated therewith. The units of 
measure are not shown but are preferably In microme- 
ters (^m). Such characteristics of the transistors sub- 
stantially determine the capacity of the transistor. Thus, 
in order for the P2A/P2B device to mirror the P1 A/PI B 
device, their width/length ratios are selected to be sut>- 
stantially equal. e.g., 40/1. 

[0028] Further, voltage NRef(e.g.. VTT-400 mV) is 
provided to the operational amplifier IN along with the 
voltage at the junction between R3 and dual gate nFET 
device N2A/rsJ2B, i.e.. TN. In response to such inputs, 
the operational amplifier IN generates n-channel bias 
voltage vBlASN which is provided to the drain transistor 
14A (Figure 2) of the output driver circuit. In addition, 
the output of the operational amplifier IN is provided to 
the gate terminals of drain transistors N2A and N3A. 
The dual gate nFET device N2A/N2B and dual gate 



nFET device N3A/N3B form a current mirror circuit such 
that the same cunrent that flows through the N2A/N2B 
device also flows through the N3A/N3B device. e.g.. 100 
pA. Thus, in order for the N3A/N3B device to mirror the 

5 N2A/N2B device, their width/length ratios are selected 
to be substantially equal, e.g., 2/0.4. 
[0029] However, it is inportant to note that the chan- 
nel width/length ratio of the N2A/N2B device (and. thus, 
the N3A/N3B device) is selected to correspond to the 

10 channel width/length ratio of the dual gate nFET device 
1 4 of the output driver circuit. That is. the channel length 
of each transistor (both source and drain transistors) is 
selected to be sut^stantially ^ual among the transis- 
tors, ag.. 0.4. However, the channel width of transistors 

15 N2A. N3A. N2B and N3B is selected to be proportional 
to the channel width of transistors 1 4A and 1 4B, the pro- 
portionality being equivalent to the proportionality 
desired between the respective current flowing through 
the devices. Accordingly, assuming the current to be 

20 sunk by nFET device 14 is about 8 mA and a channel 
width for each transistor 14A and 14B is selected to be 
160, and assuming the current flowing through the 
N2A/N2B device (and. thus, the N3A/N3B device) is 
about 100 ^A. then the channel width of the transistors 

25 of the N2A/N2B and N3A/N3B devices is selects to be 
2 Ci.e.. ^e0/2 = so and so x lOO mA=S mA). 
[0030] Still further, voftage PRef(e.g., VTT+400 mV) is 
provided to the operational amplifier IP along with the 
voltage at the junction t)etween R4 and dual gate pFET 

30 device P3A/P3B. i.e., TP. In response to such inputs, the 
operational sunplifier IP generates p-channel bias volt- 
age vBIASP which is provided to the drain transistor 
12B (Rgure 2) of the output driv^ circuit. In addition, 
the output of the operational amplifier IP is provided to 

35 the gate terminal of drain transistor P3B. 

[0031] Similar to the correspondence of the channel 
width/length ratio of the N2A/N2B and N3A/N3B 
devices with the dual gate nFET device 14. the channel 
width/length ratio of the P3 A/P3B device corresponds to 

40 that of the dual gate pFET device 12 of the output driver 
circuit. Thus, the channel length of each transistor (both 
source and drain transistors) is selected to be sut)stan- 
tially equal among the transistors. e.g., 0.5, while \he 
channel width of transistors P3A and P3B is selected to 

45 be.proportional to the channel width of transistors 12A 
and 12B. the proportionality being equivalent to the pro- 
portionality desired between the respective currentf low- 
ing through the devices. Accordingly, assunvng the 
current to be soured by the pFET device 1 2 is about 8 

so mA and a channel width for each transistor 12A and 
12B is selected to be 400, and assuming the current 
flowing through the P3A/P3B device is about 100 ^A. 
then the channel width of the transistors of the P3A/P3B 
device is selects to be 5 (i.e., 400/5 is equal to SO and 

55 S0x100fiA = 8mA). 

[0032] It is to be appreciated that the resistors R3 and 
R4 are provided respectively in the sscotkI and third 
stages of the bias generator circuit in order to provide a 
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voltage drop at the source and drain of the n-channel 
and p-channel transistors in each stage which is equiv- 
alent to the voltage drop provided by the serial combina- 
tion of resistors R1 and R2 in the first stage. Thus, 
assuming that R1 and R2 are each 4K ohms (thus a 5 
serial combination of 8K ohms). R3 and R4 are each 
chosen to preferably be 8K ohms. Also, it is important to 
note that the signals IN_P and IN_N discussed in the 
context of Figure 2 are provided by VINT It is to be 
appreciated that if VINT is smaller than V, then a level 10 
shifter is required to gate the input of transistors 12A 
instead of inverter 16 so as to ensure a high (V) at the 
gate of 1 2A. If V is ^uai to VINT then the power supply 
of inverter 16 can be connected to V or VINT But, as 
mentioned above, if V is higher than VINT, then inverter is 
1 6 has to be connected to V (or a level shifter employed) 
otherwise transistor 12A would not turn off property 
Inverter 18 can be connected to V or VINT It should 
also be noted that the bias voltage vBIASN is not a per- 
fectly constant voltage. That is. vBIASN varies with the 20 
externcU reference voltage VTT and also with process 
tolerances and temperature. The bias voltage vBIASP 
also varies as a function of these fectors but. in addHion, 
varies with the power supply voltage V of the chip on 
which the output driver circuit is formed. 2s 
[CM)33] Referring to Rgure 3B. an alternative embodi- 
ment of the bias generator 20 is shown. It is to be under- 
stood that a bias generator 20' is substantially similar to 
the bias generator 20 of Rgure 3A, with the only excep- 
tion being that dual gate transistor devices PI A/PI B. 30 
P2A/P2B and N1 A/NIB are respectively replaced by 
single transistor devices PI . P2 and N1 . The use of the 
dual gate transistors P1A/P1B, P2A/P2B and N1 A/NIB 
is preferable, particularly when the power si^ly V is 
higher than the internal power supply VINT such that 35 
the internal circuitry may share/distritxjte the voltage 
across such transistors. Otherwise, the bias generator 
20* operates exactly the same as the bias generator 20 
explained in the context of Rgure 3A. 
[0034] It is to be appreciated that the atx>ve example 40 
describes operation wherein atxxjt 8 mA is sourced and 
sunk by the output driver of the present invention with 
reject to a termination resistor 22 of aboiA 50 ohms. 
However, if the termination resistor is about 25 ohms 
arKi the output driver circuit sources and sinks akx^ut 16 45 
mA, the channel widths of transistors 12A and 12B and 
transistors 14A and 14B would be different. Thus, to 
maintain the proportionality witti ttie transistors previ- 
ously described in the bias generator circuit the chan- 
nel widths of trarrsistors 1 2A and 1 2B would be 800, and so 
the channel widths of transistors 14A and 14B would be 
320. 

[0035] Graphical representations of exanples of the 
output current for both the pull-up path (curve labeled A) 
and the pull-down path (curve labeled B) of the output ss 
driver circuit 1 0 of the invention for a 50 ohm termination 
(8mA) are shown in Rgure 4A and for a 25 ohm termi- 
nation (16 mA) are shown in Rgure 4B. The current 



curves in Rgure 4A illustrate the example described 
herein where about an 8 mA current is desired to be 
alternately soured and sunk by the output driver circuit 
of the invention. A similar exanple for a 1 6 mA emtxxii- 
ment is shown in Rgure 4B. 

[0036] Referring now to Rgure 5, a second embodi- 
ment of an output driver circuit according to the inven- 
tion for providing constant drain current control to a 
resistive termination load is illustrated. Again, such an 
output driver circuit of the invention is preferably 
enployed as an off chip driver (OCD) in a semiconduc- 
tor memory device, e.g, a DRAM device. The output 
driver circuit 110 is substantially similar to tiie output 
driver circuit .10 (Rgure 2) and as such, all reference 
numerals associated with components in Rgure 5 are 
the same as the reference numerals associated with 
similar conponents in Rgure 2. except that they are 
incremented by 100. 

[0037] The main difference between the output driver 
circuit 110 and the output driver circuit 10 is that the 
functions performed by the resp^ive drain and source 
transistors of the c&ial gate pFET and nFET devices are 
exchanged. That is, instead of the source transistors 
1 12A (of pFET device 1 12) and 1 14B (of nFET device 
114) being respectively connected to switching inverters 
to enable and disable the pull-up and pull-down paths, 
and instead of the drain transistors 112B (of pFET 
de^'ce 112) and 1 1 4A (of nFET device 114) being con- 
nected to a bias generator; the source transistors 1 12A 
and 1 14B in circuit 110 are connected to a t>ias genera- 
tor 120. while the drain transistors 112B and 114A are 
respectively connected to switching inverters 116 and 
1 18. Accordingly, tiie drain transistors in circuit 110 per- 
form the path enak)llngAclisat)ling function and tiie 
source transistors perform the constant current control 
function. R is to be appreciated that such an alternative 
arrangement, while providing a similar functional result 
as circuit 10. also serves to improve the input capaci- 
tance of the output driver circuit in the high impedance 
state of the output driver circuit. In otiier words, in tiie 
high impedance state (when both the pull-up and pull- 
down output transistors are turned off), the output driver 
circuit has a certain capacitance at the output node. The 
amount of capacitance depends on the diffusion area 
(junctions of transistors 12 and 14) and the area toward 
the gate of the output transistors. The arrangement in 
Rgure 2. the switching transistors are at the source side 
of the dual gate transistors and the drain transistors 
(connected to vBIASP and vBIASN) are turned on. The 
junction and the gate area at the output node (labelled 
"to receiver") is relatively high and so is the capacitance 
associated therewith. However, in the arrangement of 
Figure 5, the gate area is much smaller because both 
drain transistors of the dual gate transistor devices are 
tumed off in the high impedance state and the junction 
area at the output node is limited to tiie drains of botii 
tiansistors. As a result, the capacitance at tiie output 
node of drcuit 1 10 is relatively smaller than the capad- 
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tance at the output of circuit 1 0. Nonetheless, assuming 
the same termination resistance of 50 ohms for termina- 
tion resistor 122. and assuming the input voltage of the 
receiver (not shown) is about -17-400 mV, the pull-up 
path (pFET device 112) preferably sources about 8 mA 5 
and the pull-down path (nFET device 114) preferably 
sinks about 8 mA. 

[0038] Rgure 6A illustrates details of a preferred form 
of the bias generator 120. It is to be appreciated that 
bias generator 120 is also substantially similar to bias 10 
generator 20 (Rgure 3A). except that similar to the 
respective functions of the drain and source transistors 
of devices 1 12 and 1 14 being exchanged as compared 
to devices 12 and 14 of drcuit 10. each source and 
drain transistor function is exchange within the pFET is 
and nFET devices in bias generator 120. In fact, the ref- 
erence numerals and voltage designations used in bias 
generator 120 are the same as those used in bias gen- 
erator 20. Accordingly in bias generator 120. the output 
terminal of the first operational amplifier IVTT is con- 20 
nected to the respective gate terminals of P1 A and P2A. 
while the re^ective gate terminals of P2B and PI B are 
grounded. Further, in bias generator 120, the output ter- 
minal of the second operational amplifier IN is con- 
nected to the respective gate terminals of N2B and 25 
N3B. while the respective gate terminals of N2A and 
N3A are connects to VINT Still further, the output ter- 
nrtinal of the third operational amplifier IP is connected to 
the gate terminal of PSA. while the gate terminal of P3B 
is grounded. Othensnse, vBIASP and vBIASN are gen- 30 
erat^ in exactly the same manner as describe above 
with reject to bias generator 20. 
[0039] Referring now to Figure 6B. similar to the rela- 
tionship between bias generator circuit 20 (Rg. 3A) and 
bias generator circuit 20' (Rg. 3B). the alternative bias 35 
generator circuit 120' is substantially similar to bias gen- 
erator circuit 120 except that single transistors PI. P2 
and N1 respectively replace dual gate transistor devices 
P1A/P1B. P2AJP2Ban6 NIA/NIBforthe same reason 
explain^ above for circuits 20 and 20*. Thus, the output 40 
of circuit 120' is exactly the same as that of circuit 120. 
[0040] Similar to Rgures 4A and 4B. graphical repre- 
sentations of exanples of the output cunent for both the 
pull-up path (curve labeled A) and the pull-down path 
(curve labeled B) of the output driver circuit 1 10 of the 45 
invention are shown in Rgures 7A and 7B. The current 
curves in Rgure 7A illustrate the escample described 
herein where about an 8 mA current (50 ohm termina- 
tor) is desired to be alternately sourced and sunk by the 
output driver circuit of the invention while the current so 
curves in Rgure 78 illustrate a 16 mA (25 ohm termina- 
tor) example. 

[0041] Although illustrative errdaodiments of the 
present invention have been described herein with ref- 
erence to the accompanying drawings, it is to be under- ss 
stood that the invention is not limited to those precise 
embodiments, and that various other changes and mod- 
ifications may be affected therein by one skilled in the 
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art without departing from the scope or spirit of the 
invention. 

Claims 

1. An output driver circuit having an output terminal 
operatively coupled to a resistive termination load, 
the circuit comprising: 

a dual gate pFET device including a source 
tran^stor and a drain transistor, each transistor 
respectively having a gate terminal, a source 
terminal and a drain terminal, the source tenru- 
nal of the source transistor being operatively 
couple to a voltage source V. the drain termi- 
nal of the source transistor being operatively 
coupled to the source terminal of the drain tran- 
sistor, the drain terminal of the drain transistor 
being operatively coupled to the output termi- 
nal of the output driver circuit; 
a dual gate nFET device Including a source 
transistor and a drain transistor, each transistor 
respectively having a gate terminal, a source 
terminal and a drain terminal, tfie source termi- 
nal of the source transistor being operatively 
coupled to a ground potential, the drain termi- 
nal of the source transistor being operatively 
coupled to the source terminal of the drain tran- 
sistor, the drain terminal of the drain transistor 
being operatively coiq^led to the output termi- 
nal of the output driver circuit; 
first switch, operatively couple to the gate ter- 
minal of ttie source transistor of the dual gate 
pFET device, for turning on and off current f fow 
from the voltage source V through the source 
transistor of the dual gate pFET device; 
second switch, operatively couple to the gate 
terminal of the source transistor of the dual 
gate nFET devrce. for turning on and off current 
flow to the ground potential through the source 
transistor of the dual gate nFET device; and 
bias generator having a first output terminal 
operatively coupled to tiie gate terminal of the 
drain transistor of the dual gate pFET device 
and providing a first bias voltage to the drain 
transistor which is a functfon of a reference 
voltage associated with tiie resistive termina- 
tion load and which substantially controls the 
amount of current provided by the drain transis- 
tor of the dual gate pFET device to the resistive 
termination load, the bias generator also hav- 
ing a second output terminal operatively cou- 
pled to the gate terminal of the drain transistor 
of the dual gate nFET device and providing a 
second bias voltage to the drain transistor 
which is a function of the reference voltage 
associated with the resistive ternranation load 
and which substantially controls the amount of 
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current provided by the resistive termination 
load to the drain transistor of the dual gate 
nFET device. 

2. The output driver circuit of Claim 1 , wherein the first s 
switch includes a switching inverter. 

3. The output driver circuit of Claim 1. wherein the 
second switch includes a switching Inverter. 

10 

4. The output driver circuit of Claim 1. wherein the 
source and drain trsmsistors are CMOS transistors. 

5. The output driver circuit of Claim 1, wherein the 
bias generator further comprises a first stage is 
Including: 

an nFET device responsive to a first voltage 
source and perrrutting a current flow through 
the first stage; 20 
an operational amplifier responsive to the refer- 
ence voltage associated with the resistive ter- 
mination load axxdi the current flow through the 
first stage and regulating variations associated 
with the reference voltage; 25 
a pFET device responsive to the regulated ref* 
erence voltage and permitting a current flow 
throi^h the first stage; 

a first resistor responsive to the current flow 
through the first stage and providing a first volt- 30 
age drop thereacross; and 
a s»x)nd resistor responsive to the current flow 
through the first stage and providing a second 
voltage drop thereacross. 

35 

6. The output driver circuit of Claim 5, wherein the 
pFET device further includes a source transistor 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the sojrce transistor t>eing grounded and the gate 40 
terminal of the drain transistor being connected to 
the regulated reference voltage. 

7. The output driver circuit of Claim 5. wherein the 
nFET device further includes a source transistor 45 
serially connected to a drain transistor, each tran- 
sistor having a gate tern^nal. the gate terminals of 
the source and drain transistors being connected to 

the first voltage source. 

50 

8. The output driver circuit of Claim 5. wherein the first 
voltage source is a band gap reference voltage 
source. 

9. The output driver circuit of Claim 5. wherein the ss 
bias generator further comprises a second stage 
including: 
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a pFET device responsive to the regulated ref- 
erence voltage and permitting a current flow 
through the second stage which is sii>stantially 
equivalent to the current flow through the first 
stage; 

an operational amplifier responsive to the volt- 
age drop across the second resistor of the first 
stage and the current flow through the second 
stage; 

an nFET device responsive to the operational 
amplifier arxi an internal voltage source and 
permitting current flow through the second 
stage; and 

a resistor responsive to the current flow 
through the second stage and providing a volt- 
age drop substantially ^uivalent to the sum of 
the voltage drops across the first and second 
resistors of the first stage; 
wherein the second operational anplifier gen- 
erates the first bias voltage. 

10. The output driver circuit of Claim 9, wherein the 
pFET device further includes a source transistor 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the source transistor being grounded and the gate 
terminal of the drain transistor being connected to 
the regulated reference voltage. 

11. The output driver circuit of Claim 9, wherein the 
nFET device further includes a source transistor 
serially corm^ed to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the source transistor being connected to the inter- 
nal voltage source and the gate terminal of the 
drain transistor being connects to the second bias 
voltage. 

12. The output driver circuit of Claim 9, wherein the 
t»as generator further comprises a third stage 
including: 

an nFET device responsive to the second 
stage operational amplifier and the internal 
voltage source and permitting current flow 
through the third stage; 
an operational amplifier responsive to the first 
voltage drop aaoss the first resistor of the first 
stage and the current flow through the third 
stage: 

a pFET device responsive to the third stage 
operational amplifier and permitting current 
flow through the third stage; and 
a resistor re^x>nsive to the current flow 
through the third stage and providing a voltage 
drop substantially equivalent to the sum of the 
voltage drops across the first and second resis- 
tors of the first stage; 
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wherein the third operational amplifier gener- 
ates the second bias voltage. 

13. The oulput driver circuit of Oaim 12, wherein the 
pFET device further Includes a source transistor s 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the source transistor k>eing grounded and the gate 
terminal of the drain transistor being connected to 
the first bias voltage. io 

14. The output driver circuit of Claim 12, whrein the 
nFET device further includes a source transistor 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of is 
the source transistor being connected to the inter- 
nal voltage source and the gate terminal of the 
drain transistor being connected to the second bias 
voltage. 

20 

15. An oulput driver circuit having an output terminal 
operatively coupled to a resistive termination load, 
the circuit comprising: 

a dual gate pFET device including a source 2s 
transistor and a drain transistor, each transistor 
respectively having a gate terminal, a source 
terminal and a drain terminal, the source termi- 
nal of the source transistor being operatively 
coupled to a voltage source V, the drain termi- so 
nal of the source transistor t>eing operatively 
coupled to the source terminal of the drain tran- 
sistor, the drain terminal of the drain transistor 
being operatively couple to the oulput termi- 
nal of the output driver circuit; 3S 
a dual gate nFET device including a source 
trartsistor and a drain transistor, each transistor 
respectively having a gate terminal, a source 
terminal and a drain terminal, the source termi- 
nai of the source transistor being operatively 40 
coupled to a ground potential, the drain termi- 
nal of the source transistor being operatively 
coupled to the source terminal of the drain tran- 
sistor, the drain terminal of the drain transistor 
being operatively coupled to the oulput termi- 4S 
nal of the output driver circuit; 
first switch, operatively coupled to tiie gate ter- 
minal of tiie drain transistor of the dual gate 
pFET device, for turning on arKi off current flow 
from the source transistor of the dual gate so 
pFET device; 

second switch, operatively coupled to the gate 
terminal of the drain transistor of the dual gate 
nFET device, for turning on and off current flow 
to the source transistor of tiie dual gate nFET ss 
device; and 

bias generator having a first output terminal 
operatively coupled to the gate terminal of the 



source transistor of the dual gate pFET de/ice 
and providing a f bias voltage to the source 
transistor which is a function of a reference 
voltage associated with the resistive termina- 
tion load and which substantially controls the 
amount of current provided to and tiirough the 
drain transistor of the dual gate pFET device to 
the resistive termination load, the bias generat- 
ing means also having a second oulput termi- 
nal operatively coupled to the gate terminal of 
the source transistor of the dual gate nFET 
device and providing a second bias voltage to 
the source transistor which is a function of the 
reference voltage associated with tiie resistive 
termination load and which substantially con- 
trols the amount of current provided by the 
resistive termination load to and through the 
drain transistor of the dual gate nFET device. 

16. The output driver circuit of Claim 15. wherein the 
f rst switch includes a switching inverter. 

17. The output driver circuit of Claim 15. wherein the 
second switch includes a switching inverter. 

18. The output driver circuit of Claim 15. wherein the 
source and drain transistors are CMOS transistors. 

19. The output driver circuit of Claim 15. wherein the 
t)ias generating means further comprises a first 
stage including: 

an nFET device responsive to a first voltage 
source and permitting a current flow through 
the first stage; 

an operational amplifier responsive to the refer- 
ence voltage associated with the resistive ter- 
mination load and the current flow through the 
first stage and regulating variations associated 
with the reference voltage; 
a pFET device re^nsive to the regulate ref- 
erence voltage and permitting a current flow 
through tiie first stage; 

a first resistor re^nsive to the current flow 
through the first stage and providing a first volt- 
age drop thereacross; and 
a second resistor responsive to the current flow 
through tiie first stage and providing a second 
voltage drop thereacross. 

20. The output driver circuit of Claim 19, wherein the 
pFET device further includes a source transistor 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the drain transistor being grounded and the gate 
terminal of the source transistor t^ing connected to 
the regulated reference voltage. 



10 



19f") EP0S05S02A2 f^p 



21. The output driver circuit or Claim 19. wherein the 
nFET device further includes a source transistor 
seriaiiy connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminals of 
the source and drain transistors being connected to 5 
the first voltage source. 

22. The output driver drcuit of Claim 19. wherein the 
first voltage source is a t^and gap reference voltage 
source. 10 

23. The output driver circuit of Claim 19. wherein the 
bias generating means further comprises a second 
stage including: 

IS 

a pFET device responsive to the regulated ref- 
erence voltage and permitting a current flow 
through the second stage which Is substantially 
equivalent to the cun-ent flow through the first 
stage: 20 
an operational amplifier responsive to the volt- 
age drop across the second resistor of the first 
stage and the current flow through the second 
stage; 

an nFET device responsive to the operational 25 
amplifier and an Internal 
voltage source and permitting current flow 
tiirough the second stage; and 
a resistor responsive to the current flow 
through the second stage and providing a vdt- 30 
age drop substantially equivalent to the sum of 
the voltage drops across the first and second 
resistors of the first stage; 
wherein the second operational amplifier gen- 
erates the first bias voltage. as 

24. The output driver circuit of Claim 23. wherein the 
pFET device further includes a source transistor 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 40 
the drain transistor bang grounded and the gate 
t^minal of the source transistor being connected to 
the regulated reference voltage. 

25. The output driver circuit of Claim 23. wherein the 4S 
nFET device further includes a source transistor 
serially connected to a drain transistor each transis- 
tor having a gate terminal, the gaze terminal of the 
drain transistor being connected to the internal volt- 
age source arxJ the gate terminal of the source so 
transistor being connected to the second bias vdt- 
aga 

26. The output driver circuit of Claim 23. wherein the 
bias generating means further conriprises a third ss 
stage including: 

an nFET device responsive to the second 



stage operational amplifier and the internal 
voltage source and permitting current flow 
through the third stage; 

an operational amplifier responsive to the first 
voltage drop across the first resistor of the first 
stage and the current flow through the third 
stage; 

a pFET device responsive to the third stage 
operational amplifier and permitting current 
flow through tiie third stage; and 
a resistor responsive to the current flow 
through the third stage and providing a voltage 
drop sut)Stanti€dly equivalent to the sum of the 
voltage drops across the first and second resis- 
tors of the first stage; 

wherein the third operational amplffier gener- 
ates the second bias voltage. 

27. The output driver circuit of Claim 26. wherein the 
pFET device further includes a source transistor 
serially connects to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the drain transistor being grounded and the gate 
terminal of the source transistor l>eing connected to 
the first bias voltage. 

28. The output driver circuit of Claim 26, wherein the 
nFET device further includes a source transistor 
serially connected to a drain transistor, each tran- 
sistor having a gate terminal, the gate terminal of 
the drain trans^tor being connected to the internal 
voltage source and the gate terminal of the source 
transistor being connected to tiie second t»as volt- 
age. 
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